Introduction
Bananas and plantains are important cash and subsistence crops in most tropical and subtropical regions of the world (Ortiz and Swennen, 2014) . The varieties of both commerce and subsistence production are predominantly sterile triploids (2n = 33) originating from two important seeded wild species, namely Musa acuminata Colla (contributing the A genome) and M. balbisiana Colla (contributing the B genome) (Simmonds, 1973) . Interspecific hybridization has resulted in a diverse array of cultivars with varied genomic constitutions: AA, AAA, AB, AAB, ABB, ABBB, BB, etc. Of these, cultivars rich in Musa B (AB, ABB, ABBB) form the basis of subsistence production (Uma et al., 2006a) . Wong et al. (2002) reported that M. balbisiana is the most distinct species within the section Eumusa. Nwakanma et al. (2003) found that M. balbisiana has the more primitive organellar genomes.
M. acuminata might be of the most recent origin. It is also commonly accepted that hardiness is contributed by the Musa B genome, since M. balbisiana clones strive in areas experiencing pronounced dry seasons alternating with monsoons. Moreover, M. balbisiana has specific fruit characteristics, such as starchiness and acidity superior to those of M. acuminata (Simmonds, 1962a (Simmonds, , 1962b . Moreover, the importance of B-rich genotypes (both wild and cultivated) has been well documented. The B genome imparts valuable traits such as starchiness and acidic taste (Simmonds, 1962a (Simmonds, , 1962b , and tolerance to moisture deficit (Ravi and Uma, 2011; Ravi et al., 2013) and Fusarium wilt (Swarupa et al., 2013) The current global production of more than 100 × 10 6 t is based on large-scale vegetative propagation of a small number of genotypes, which have been derived from only a few ancient sexual recombination events. These genetically restricted and inflexible clones are particularly susceptible to diseases, pests, and current ecological changes. The challenge for banana improvement is to produce resistant and sterile polyploid hybrids through genetic recombination of fertile diploids that meet consumer expectations for each cultivar type. The required breeding strategy will need to reproduce the sequence of crossings and selections that occurred minimally during the past 7000 years, while periodically substituting some genitors from closely related genomes selected for their level of resistance to biotic and abiotic stresses. Hence, a prerequisite for banana improvement is to reconstruct the domestication pathways of the major cultivar groups as precisely as possible (Perrier et al., 2011) . Knowledge regarding the genetic basis of yield, resistance to diseases and insect pests, and abiotic stress tolerance is a basic requirement for any crop improvement program; this knowledge is lacking in banana owing to its complex genetic structure and ploidy nature. The recent application of next-generation deep sequencing provides a platform for genetic improvement of recalcitrant crops such as banana or potato (Hobert, 2010) . The Musa A genome was already decoded by the D'Hont group in DH-Pahang, a double haploid M. acuminata genotype of the subspecies malaccensis that contributed to the one of the three M. acuminata genomes of Cavendish (AAA) (D'Hont et al., 2012) . Sequencing of the A genome alone will not be sufficient to improve banana and plantains, since most of the Indian commercial cultivars are allopolyploid in nature and belong to the AB, AAB, and ABB types. Thus, decoding the Musa B genome is also mandatory in a banana improvement program. Though B genome sequencing of Pisang Klutuk Wulung (PKW) has been completed (Davey et al., 2013) , use of a dihaploid PKW would have been more informative and precise.
Because of the deep coverage and single base-pair resolution provided by next-generation sequencing instruments, RNA sequencing represents an attractive alternative to whole-genome sequencing because it only analyzes transcribed portions of the genome, while avoiding noncoding and repetitive sequences that can make up much of the genome (Margulies et al., 2005; Liu et al., 2012) .
According to Wang et al. (2009 Wang et al. ( , 2011 , transcriptome analysis is important when interpreting the functional elements of the genome. Thus, decoding the M. balbisiana transcriptome is vital to understanding the genetic basis of the B genome's unique traits; this information can be further exploited in a banana improvement program.
Materials and methods

Plant material and RNA extraction
Different tissues, such as leaf, root, sheath, flower bud, flower bract, pulp, and rhizome, of M. balbisiana ' Attikol' , which is being maintained at the National Research Centre for Banana, were used to extract RNA for transcriptome sequencing. Two grams of tissues were weighed and frozen in liquid nitrogen, and total RNA was extracted using the Agilent Plant RNA Isolation Mini Kit (Agilent Technologies, Inc., USA). RNA integrity of the total RNA was checked using a Bioanalyzer 2100 (Agilent Technologies, Inc.). Equal amounts of RNA derived from different tissues were pooled together for library construction.
Library construction for Ion Torrent sequencing
The transcriptome library for sequencing was constructed according to the Ion Total RNA-Seq Kit User Guide (Part # 4467098; Rev. A; May 2011). Poly(A) RNA was purified from 10 µg of intact total RNA using a micro poly(A) purist kit. Samples of 1.3 µg were taken from fruit, root, leaf, flower, sheath, rhizome, and bract to make a total RNA pool of 10 µg. The purified mRNA was fragmented with RNase III and cleanup was done using the RNeasy Micro Kit (QIAGEN, USA). The fragmented RNA was hybridized and ligated with adapter and reverse-transcribed using ArrayScript reverse transcriptase. The cDNA was cleaned up using Agencourt Ampure XP SPRI beads (Beckman Coulter, USA). The purified products were amplified to create the final cDNA library. The prepared library was quantified using a NanoDrop spectrophotometer (Thermo Scientific, USA) and validated for quality by running an aliquot on a High Sensitivity Bioanalyzer Chip (Agilent Technologies, Inc.). Library concentration was quantified using a bioanalyzer (Agilent Technologies, Inc.) and 5 × 10 9 molecules were used for sequencing preparation. The library was amplified and the resulting templates were sequenced with the Ion OneTouch. Sequence reads were processed in the Torrent server and genomic data analysis was performed using the Partek Genomics Suite.
Data analysis and assembly
The raw reads were cleaned by removing adapter sequences, low-quality sequences (reads with ambiguous bases 'N'), and reads with a base quality smaller than 20 (Q20 bases). All sequences smaller than 100 bases were eliminated based on the assumption that small reads might represent sequencing artifacts (Meyer et al., 2009 ). The reads were submitted to the NCBI-SRA (Accession No. SRP050239). The quality reads were assembled into unigenes using MIRA-3.4.0, which recovers more fulllength transcripts across a broad range of expression levels, with a sensitivity similar to that of methods that rely on genome alignments (Grabherr et al., 2011) . The assembled unigenes were mapped with a banana reference genome (Musa acuminata) sequence (D'Hont et al., 2012) . The overlap settings used for this assembly were 31 bp and 80% similarity, with all other parameters set to their default values.
Sequence annotation
The optimal assembly results were chosen according to the assembly evaluation. Clustering analysis was performed to create a unigene database of the potential alternative splicing transcripts. Simple sequence repeat (SSR) analysis of unigenes longer than 100 bp was performed using MISA software. The assembled sequences were compared against the Swiss-Prot database using BLASTx (version 2.2.14) with an E-value of 10 -5 (Altschul et al., 1997) . Gene names were assigned to each assembled sequence based on the best BLAST hit (highest score). To increase computational speed, the search was limited to the first 10 significant hits for each query. Unannotated sequences were searched against the TrEMBL database using BLASTx with an E-value of 10 -5 (Apweiler et al., 2004) . To annotate the assembled sequences with GO terms describing biological processes, molecular functions, and cellular components, the Swiss-Prot BLAST results were imported into a GO database (http://www.geneontology.org/) that retrieves GO terms, allowing gene functions to be determined and compared. These GO terms are assigned to query sequences, producing a broad overview of groups of genes catalogued in the transcriptome for each of three ontology vocabularies, biological processes, molecular functions, and cellular components. The unigene sequences were also aligned to the KOG database (http://www.ncbi.nlm. nih.gov/COG) to predict and classify functions. Plant metabolic pathways were assigned to assembled sequences using the PlantCYC local database (http://www.plantcyc. org).
Transcriptome-SSR detection
All the unigenes of Musa obtained in this study were subjected to SSR detection using the MISA Perl Program (http://pgrc.ipk-gatersleben.de/misa/). The parameters were adjusted for the identification of perfect mono-, di-, tri-, tetra-, penta-, and hexanucleotide motifs with a minimum of 10, 6, 5, 5, 5, and 5 repeats, respectively, as described by Temnykh et al. (2001) . The report of this search included the total number of sequences containing SSRs among the submitted unigenes, sequence ID, SSR motifs, number of repeats, repeat length, SSR starts, and SSR ends. Primers were designed for these SSRs using BatchPrimer3 v1.0 (http://probes.pw.usda.gov/ batchprimer3/). Thirty genic-SSRs potentially related to defense responses were selected based upon annotation. Marker amplification and allele length polymorphisms were evaluated using 20 diploid (B genome) M. balbisiana accessions. A standard 100-bp molecular size marker was added to each gel to enable allele size estimation for PCR products run on 3% agarose gel along with ethidium bromide. Locus polymorphism was calculated using the polymorphism information content (PIC) calculator (http://w3.georgikon.hu/pic/english/default.aspx). All 37 genotypes were clustered with UPGMA analysis and the SAHN procedure of NTSYS-PC v2.10t.
Results and discussion
Sequence analysis and assembly
To obtain a global overview of the Musa balbisiana transcriptome and gene activity at nucleotide resolution, a pooled cDNA sample representing various tissues of M. balbisiana ' Attikol' was prepared and sequenced using the Ion Torrent genome analyzer. Pooling of RNA of different tissues and then sequencing with next-generation sequencing covered the entire transcript of the genome of the M. balbisiana, which was more informative for further analysis. After stringent quality assessment and data filtering, 4.5 million reads (519.87 million base pairs) with 85.66% Q20 bases (those with a base quality of >20) were selected as high-quality reads for further analyses. In pineapple, Ong et al. (2012) obtained 4.7 million reads, which is 4% higher than Musa balbisiana wholetranscriptome reads. The number of quality reads obtained in this study is greater than the Musa leaf transcriptomic reads (0.85 million) obtained using the 454 GS FLX platform (Passos et al., 2013) and less than the Musa root transcriptomic reads (26.6 million, two rounds of paired ends) obtained using Illumina's HiSeq 2000 system (Li et al., 2012) . The tremendous variation in the number of quality reads may mainly be due to the difference in the platforms used for sequencing (Deschamps et al., 2012) . The greatest read length was obtained with the Roche 454FLX (800 bp), followed by Ion Torrent (100 bp) and Illumina's HiSeq 2000 system (96 bp).
Though the number of reads obtained in this study is nearly 5 times less than the banana root transcriptomes, the number of contigs obtained in this study (82, 413) is two times greater than the root transcriptome (47,411) developed by Li et al. (2012) . The number of contigs gained in this study might be due to the sequencing of pooled RNA of different tissues like leaf, root, sheath, flower bud, flower bract, pulp, and rhizome (whole transcriptome) of the plant. Quail et al. (2012) reported that sequences generated by Ion Torrent and Illumina platforms generally display near-perfect coverage behavior on GC-rich and neutral genomes. The result obtained for nonredundant unigenes was on par with the Illumina platform, which could be attributed to the neutral position of Musa for GC content (Lescot et al., 2008; Backiyarani et al., 2013) . The present study also confirmed banana's neutral GC content (49.7%). An overview of the sequencing is presented in Table 1 .
The whole transcriptome consisted of 82,413 contigs, whose maximum length was 3402 bp. The assembled data revealed that most contigs (70,708) had an average length of 201-500 bp, while only 5 contigs had a length of >3 kbp. A summary of the Ion Torrent transcriptome assembly for M. balbisiana and the distribution of contigs are shown in Table 2 and Figure 1. 
Sequence annotation
Several bioinformatic resources have been used to annotate the assembled sequences. The unigenes were annotated by aligning them with those in the public domain of diverse protein databases including UniProt/Swiss-Prot, UniProt/ TrEMBL, the Cluster of Orthologous Groups of Proteins (COG), and the Plant Metabolic Pathway Database (PMN/ PlantCyc). An E-value of less than 10 -5 was used as the selection criterion for annotation (Altschul et al., 1997) and the details of functional annotation are given in Table 3 .
Out of 82,413 unigenes, 57,540 (69.81%) were successfully annotated in the Swiss-Prot, TrEMBL, COG, and PlantCYC databases, while a maximum of 35,783 (62.18%) had similarity to proteins in the Swiss-Prot databases. The present transcriptome study on Musa revealed that more than 30% of unhit unigenes could be successfully exploited for the discovery of new genes specific to the Musa genome as reported by Meyer et al. (2009) .
Organism distribution based on the BLASTx analysis of the unigenes showed that the transcripts hit a range of plant species. Arabidopsis had the highest number of hits (65%), followed by Oryza sativa (23.48%), Musa acuminata (2.88%), Zea mays (2.52%), Solanum lycopersicum (1.74%), Solanum tuberosum (1.62%), Nicotiana tabacum (1.50%), and Glycine max (1%). The extent of hits with Vitis vinifera was only 0.95%, while hits to nonplant organisms made up a total of 0.25% (Figure 2) . Only a small number of unigenes (2373) matched with those of Musa acuminata, indicating that the Musa balbisiana transcriptome has identified a large group of genes that were unidentified in Musa acuminata. 
Functional characterization by GO annotation
The unigenes were annotated using the BLASTx program against the Swiss-Prot database and then mapped against the GO database to retrieve the GO terms. A total of 193,826 GO terms were assigned to all 35,783 mapped unigenes, with an average of one unigene assigned to three main categories. This is the least occurrence of GO terms compared to cultivars rich in the A genome, namely Calcutta 4 (AA) (341,244) (Passos et al., 2013) and Grand Naine (AAA) (351,220) (Li et al., 2012) . Of these, the majority of GO terms were assigned to biological processes (72,012 (37.2%)), followed by molecular function (62,685 (32.4%)); the fewest were categorized as cellular components (59,039 (30.5%)). In our study, biological process ontology distribution showed that the unigenes were mainly assigned to "transcription DNA-dependent" (3235), "defense" (2434), and "salt stress" responses (1798). This information will be helpful for studies investigating the regulatory factors that control different promoter sites, as well as to detect the defense-related genes and salt stress tolerance genes present in the B genome. Under the molecular function ontology, many unigenes were assigned to "ATP binding" (6433), while under the cellular component ontology, unigenes were assigned to "nucleus" (5692) and "integral to membrane" (62,685) ( Figure 3 
Nutr ent reservo r act v ty (Figure 4 ). Putative KOG-annotated proteins were functionally classified into at least 25 protein families involved in cellular structure, metabolism, molecular processing, signal transduction, etc. (Figure 4 ). The cluster for general function prediction (6154 (16.92%)) represented the largest group in banana and a similar trend was also reported by Liu et al. (2012) in bamboo. General function prediction (6154) was followed by posttranslational modifications, protein turnover, chaperones (4340 (11.93%)), signal transduction mechanisms (3446 (9.47%)), intracellular trafficking, secretion, vesicular transport (2298 (6.32%)), translation, ribosomal structure and biogenesis (2145 (5.90%)), carbohydrate transport and metabolism (2093 (5.75%)), transcription (1685 (4.63%)), function unknown (1676 (4.61%)), and amino acid transport and metabolism (1549 (4.26%)). Only a few unigenes were assigned to cell motility and extracellular structures (13 and 78 unigenes, respectively). In addition, 567 unigenes were assigned to cell wall/membrane/envelope biogenesis and 217 unigenes were assigned to defense mechanisms in KOG classification (Figure 4) . Comparison of GO terms and KOG analysis resulted in maximum difference which confirmed and emphasized the uniqueness of banana unigenes with special reference to defense-related genes. 
Functional classification by PlantCYC
Annotations of Musa unigenes were fed into the PlantCYC database to categorize gene functions with an emphasis on biochemical/metabolic pathways (Zhang et al., 2010) . Later, the assembled unigenes were assigned according to the Enzyme Commission, (EC), which resulted in 21,399 unigenes being assigned to 600 enzymes and grouped into 445 plant biochemical pathways. These predicted pathways represented the majority of plant biochemical pathways for compound biosynthesis, degradation, utilization, assimilation, and pathways involved in the processes of detoxification and generation of precursor metabolites and energy.
Higher portions of enzymes were found to participate in biosynthesis (241 pathways), biodegradation (56 pathways), photosynthetic cycles (15 pathways), general pathways (12 pathways), and others (121 pathways). Enzymes catalyzing almost all steps in several major plant metabolic pathways, including glycolysis (963), superoxide radical degradation (664), ethylene biosynthesis (594), jasmonic acid biosynthesis (369), Calvin cycle (344), gluconeogenesis (279), the pentose phosphate pathway (119), starch biosynthesis (108), anthocyanin biosynthesis (53), and several important secondary metabolite biosynthesis pathways including the thioredoxin pathway (11), could be represented by unigenes derived from the Musa dataset. Moreover, genes involved in several signaling pathways, including the mitogen-activated protein kinase signaling pathway, were also found in the unigene collection. This result indicates that there is a great deal of cell wall activity, as well as starch and sucrose synthesis, involved in the defense mechanisms of banana.
A similar trend was also observed in other fruit crops, like apple (Newcomb et al., 2006) and kiwi (Crowhurst et al., 2008) .
Annotation of defense genes and pathways
To understand the defense system of the banana Musa B genome, defense-related genes alone were short-listed from the blast analysis of Musa B transcriptome data. Based on an E-value of <10 -5 , a total of 3301 unigenes were shortlisted as defense-related genes and subjected to further metabolic pathway analysis using the PlantCYC database. This analysis revealed that these unigenes were significantly enriched in various resistance-relevant metabolic or signaling pathways ( Figure 5 ). This suggested that such defense-related genes and pathways were highly conserved among various genera. Similar results were also reported in cotton (Zhang et al., 2010) and banana (Li et al., 2012) .
The selected pathways included perception of pathogen-associated molecular patterns (PAMPs) by pattern recognition receptors (PRRs), effector-triggered immunity (ETI), ion fluxes, transcription factors, oxidative burst, pathogenesis-related proteins, programmed cell death, plant hormones, and cell wall modification, among others. Among all defense-related transcripts, the highest number of transcripts (953) were involved in PAMP. PAMP-triggered immunity is a branch of plant immunity that involves interactions between host PRRs and PAMPs (Nürnberger and Kemmerling, 2009) . Similarly, it was observed that 816 and 346 transcripts were hit with plant hormones biosynthesis and in cell-wall modification genes, respectively. The presence of 54 transcripts of ETI suggested that the high number of transcripts related to various defense-related pathways might be due to coevolution of plant resistance R-protein receptors and specific pathogen effector molecules responsible for disease resistance (Jones et al., 2006) . Similarly, Passos et al. (2013) reported that the majority of unigenes are potentially involved in ETI, PAMP-triggered immunity, and PAMP pathways in the transcriptome analysis of AA genome. In the same way, many transcription factors, such as WRKY, bHLH, ethylene-responsive transcription factor 1, UNE12, RAP1, HBP-1a, BIM, ATB2, ILR3, ATR2, TCP20, HY5, BIM1, BIM2, and GLABRA 3, are responsible for resistance to the majority of potential pathogens. The present study gave a clear picture about the defense genes of M. balbisiana, which could lead to further in-depth study on developing banana cultivar lines resistant to various biotic and abiotic stresses.
SSR discovery
SSRs are highly informative and widely used in genetics, evolution, and breeding studies. To explore SSR profiles in the unigenes of M. balbisiana, the 82,413 unigene sequences were submitted to the MISA Perl program to identify SSRs. A total of 4780 SSRs were obtained, with 348 sequences containing more than one SSR. Similarly, Passos et al. (2013) also reported the presence of SSRs in Calcutta-4 (4068) and Cavendish (4095) clones belonging to the A genome. About 7.3% of the Musa unigene contigs possessed more than one SSR, similar to the ESTs of wheat (7.41%); higher than grapes (2.5%), barley (2.8%), and flax (3.5%); and lower than coffee (18.5%) (Scott et al., 2000; Varshney et al., 2006) . Exploration of SSR profiles in both genomes (AA and BB) is necessary to understand the evolution of Musa species, since most of the commercial cultivars are interspecific hybrids of the aforementioned genomes. This enormous number of Musa genic-SSRs obtained from AA and BB genomes will be helpful for understanding the functional genetic variation, which will be further utilized for DNA fingerprinting and evolutionary studies. The genic-SSR frequency also depends on the parameters used in exploring SSR markers, i.e. the repeat length and number of repeat unit thresholds. Margulies et al. (2005) implied that mononucleotide repeats should not be considered for the sequence data obtained through the Ion Torrent platform because of the quality problem associated with homopolymers. Thus, in this study, only di-, tri-, tetra-, penta-, and hexanucleotide repeats were taken into consideration. The abundance of genic-SSR (kbp/SSR) in Musa was 8.4, compared to rice (3.4), wheat (5.4), soybean (7.4), tomato (11.1), Arabidopsis (14.0), and cotton (20.0) (Cardle et al., 2000; Peng et al., 2005) . The trinucleotide pattern was the most abundant, accounting for 57.64% of repeats, followed by dinucleotide (33%), tetranucleotide (1.23%), pentanucleotide (0.25%), and hexanucleotide (0.66%). The total number of compound SSRs was 281 (Table 4) (Passos et al., 2012) .
Generally, the shorter the nucleotide core sequence, the greater the number of repeats observed. In case of M. balbisiana, an average of 9.4 repeats for di-, 5.9 for tri-, 5.8 for tetra-, 5.2 for penta-, and 5.3 for hexanucleotide motifs were observed, which is higher than the results obtained in M. acuminata accessions, namely Calcutta 4 (AA). More repeating nucleotide base pairs were observed in Grande Naine (AAA) (Backiyarani et al., 2013; Passos et al., 2013) than in other genomic groups. Petit et al. (2005) reported that SSR loci with more repeats generally exhibited higher mutation rates, probably because DNA slippage increases in proportion to the number of repeats. Hence, the Musa B genome might have more diversity than AA owing to higher mutation rates in the lengthy SSR loci.
The AG/CT motifs accounted for 79% of the total number of dinucleotide SSRs, similar to that of Huperzia serrata Thunb. (Luo et al., 2010) . The most common motif for trinucleotide repeats of SSRs was AGG/CCT (25%) and AAG/CTT (24.8%), as in case of M. acuminata (Passos et al., 2012) .
SSRs were developed as powerful molecular markers for comparative genetic mapping and genotyping. The SSRs were selected since they are ubiquitous in transcriptomes, typically locus-specific and codominant, multiallelic, highly polymorphic, and transportable among species and within genera (Varshney et al., 2005) . EST databases have been a rich source of SSRs for genotyping numerous species of flowering plants (Yu et al., 2004) . The unigenes obtained from Musa have provided a good resource for SSR mining and their applications in research and molecular markerassisted breeding. A total of 2628 SSR primer pairs were designed for the above-mentioned SSR-containing sequences using BatchPrimer3 v1.0 software (You et al., 2008) . This is in line with the findings of Passos et al. (2012) , who were able to design primers for only 50% of the SSR motifs in AA and AAA genomes of Musa spp. This could be due to the smaller size of ESTs with SSR regions or the presence of SSR motifs towards the end of sequences.
A total of 30 SSRs were validated to assess the polymorphism in 37 banana accessions across various genomes and in Ensete. Only 14 primers (46.6%) amplified products resulting in discrete, repeatable amplicons and were considered for analysis. They produced 56 alleles with a mean of 3.92 alleles per primer based upon the presence (1) and absence (0) of alleles. SSRs 14 and 23 had the highest number (7) of alleles and 17 and 26 had the lowest (2). PIC values ranged from 0.63 (SSR 26) to 0.88 (SSRs 14 and 21) with an average of 0.78 (Tables 5 and 6 ). The dendrogram delineated the 37 accessions into 2 major clusters with similarity near 65% (Figure 6 ). Cluster 1 contained B genome accessions, including 2 subclusters, while cluster 2 included accessions with the Musa A genome and other wild exotic accessions, along with the genus Ensete, and consisted of 2 subclusters.
Cluster 1 consisted of M. balbisiana accessions sharing 35% dissimilarities, which indicated that each of the accessions tested are unique, as reported earlier in morphotaxonomic (Sotto and Rabara, 2000) and molecular characterizations (Uma et al., 2006b) . Cluster 2 consisted of the accessions belonging to the sections Eumusa, Rhodochlamys, and Australimusa and the genus Ensete. Rhodochlamys and Eumusa accessions clustered together and proved their genetic proximity. This is in accordance with the previous results of Wong et al. (2002) using AFLP markers. Although further studies are needed to select markers that show polymorphism, these data will provide a powerful tool for the identification of markers linked to specific traits. Furthermore, SSR markers can contribute to the construction of genetic linkage maps, genetic identification, and lineage analysis in Musa species.
To our knowledge, this is the first report to investigate the whole transcriptome of M. balbisiana where the assembly of the reads has been done using banana AA genome sequences as a reference map. The dataset is expected to improve our understanding of the molecular mechanisms involved in plant defense, biosynthesis, and other biochemical processes in Musa. This will be a potential resource for future genetic or genomic studies on Musa species and is expected to bridge a critical gap existing in banana comparative genomics. Consequently, this will contribute to the evolutionary and functional studies of plant genes and genomes.
